including insulin, glucagon, and somatostatin. However, the authors also show that the hypertension seen in the high-salt-fed PC2-knockout animals can be corrected by administration of a synthetic γ-MSH analogue and that the same results are seen in mice in which the γ-MSH receptor, melanocortin receptor 3 (MC3-R), is knocked out. So why hasn't γ-MSH been implicated in salt-sensitive hypertension until now? Part of the reason is certainly the multitude of neuroendocrine signals mediated by the other peptides produced along with γ-MSH when POMC is processed (Figure 1 ), making it hard to isolate γ-MSH-specific actions in a physiological setting. In fact, 5 receptors have been identified to date -MC1-R, MC2-R, MC3-R, MC4-R, and MC5-R -for the melanocortin hormones alone, with more possibly to come. These receptors have a broad tissue distribution and they mediate a range of physiological responses depending on their location. These include: (a) pigmentation (MC1-R); (b) modulation of corticosterone levels (MC2-R); (c) appetite suppression and metabolic activation (MC4-R); (d) thermoregulation and water repulsion (MC5-R); and (e) inflammation (MC1-R and MC3-R). It's easy to imagine that several of these responses might have masked or complicated the analysis of blood pressure effects of γ-MSH.
Does this mean that γ-MSH is the cause of salt-induced hypertension in humans? Not by a long shot! The knockout of other mouse genes, including those for atrial natriuretic peptide (6) and its receptor (7), the prostaglandin receptor EP2 (8) , and the bradykinin receptor (9) , also leads to salt-sensitive hypertension. However, none of these as yet has been linked to the condition in humans. Moreover, the existence of γ-MSH in humans is still a matter of some debate. Nevertheless, the possibility that hormones with both central and peripheral actions like γ-MSH could cause our salt-sensitivity to fluctuate is an attractive hypothesis to test in a field where salient explanations are scarce. See the related article beginning on page 1161.
The most important achievement of cancer immunology thus far may be the development of robust techniques for the identification of tumor antigens (1, 2) . This work underlies our current understanding that cancer patients frequently generate specific cellular and humoral antitumor responses. Moreover, the expression of transformation-associated stress genes commonly provokes innate immune reactions (3). Together, these findings unveil a previously unsuspected breadth of immune recognition in tumor bearing hosts.
The characterization of cancer cell antigenicity has fueled efforts to delineate protective immune-effector mechanisms. The task is complicated by the dual role that immunity plays during cancer progression. Recent studies disclosed a marked increase in the incidence of spontaneous and chemicallyinduced tumors in immunodeficient mice compared to littermate controls (4). Since immunocompetent animals efficiently reject tumor transplants from immunodeficient hosts, the experiments support the idea that the immune system functions as an extrinsic tumor suppressor. Consistent with this concept, clinical-pathologic investigations established a strong association between the presence of dense intratumoral T cell infiltrates and favorable clinical outcomes in patients with malignant melanoma or carcinomas of the colon, kidney, and ovary (5, 6) .
Other work indicates, though, that tumors may subvert the immune system to facilitate disease progression (7) . Unresolved inflammation, whether due to infection, autoimmunity, or environmental agents, markedly increases the risk of cancer. Dysregulated cytokine production promotes cell proliferation and attenuates apoptosis. Phagocyte-derived reactive oxygen species damage DNA. Tumor cell invasion and metastasis exploit the normal cues for leukocyte migration. Collectively, these studies illustrate diverse ways in which the immune system sculpts the hallmarks of cancer (8) .
The dual role of immunity in tumor suppression and progression underscores the possible benefits and risks of cancer immunotherapy. In this issue of the JCI, Forni and colleagues provide important insights into the differing requirements for vaccineinduced elimination of incipient and established tumors (9) .
The investigators examined the immune response to Her-2/neu-positive breast carcinomas originating in transgenic mice. Although the tumors express rat Her-2/neu, which differs from the murine homolog by 6%, the model system is intriguing, since Her-2/neu contributes to the pathogenesis of human breast cancer and is a target for clinically efficacious monoclonal antibodies (10) . Whereas previous work showed that prophylactic vaccination with tumor cells or DNA encoding Her-2/neu prevented spontaneous tumor formation in transgenic mice (11, 12) , the current study explores the mechanisms of tumor rejection. Breast cancer cell lines, established from spontaneous tumors, were implanted into syngeneic mice rendered deficient, through gene targeting or antibody depletion, in various immune components. While the ectopic injection of transplantable tumors does not fully recapitulate spontaneous carcinogenesis, the analysis of tumor rejection in a large panel of immunodeficient mice constitutes a major strength of the investigation.
Prophylactic immunization with DNA encoding Her-2/neu efficiently stimulated the rejection of subsequent tumor challenges in wild-type mice. CD4 + T cells were essential for immune priming but not tumor rejection. CD8 + T cells partially contributed to tumor destruction, likely through the concerted actions of perforin and IFN-γ, but neutrophils were absolutely required for rejection. In contrast, antibodies, Fc receptors, macrophages, CD1d-restricted NK T cells, perforin, and interferon (the latter two individually) were dispensable. Whereas neutrophils are typically associated with acute inflammatory reactions, a role in cancer defense was previously suggested by experiments using cytokine-secreting tumor cells (13) .
Activated neutrophils may lyse cancer cells directly and compromise the tumor vasculature.
Therapeutic vaccination against established tumors proved far more stringent than prevention, and nearly all of the immune components tested contributed to tumor rejection ( Figure  1) . Successful treatment required a coordinated response involving CD4 + and CD8 + T cells, antibodies, Fc receptors, CD1d-restricted NK T cells, macrophages, neutrophils, perforin, and IFN-γ. Although the basis for this rigorous requirement remains to be clarified, it is tempting to speculate that the rapid growth kinetics of established tumors demand a robust reaction. A large number of tumor cells may also include variants with acquired resistance to some modes of immune attack.
The substantive hurdles to rejecting established tumors suggest that immunotherapies will need to stimulate broad and sustained host responses. Unfortunately, these same requirements also imply that tumors may accomplish immune escape by devising strategies that undermine diverse immune mechanisms. The combination of immunotherapies and other treatments that target resistance pathways may thus be worth exploring.
The study also provides insight into why prophylactic immunization, in which there is considerable redundancy of immune effectors, may be more easily achieved than therapeutic vaccination. Indeed, preventive immunization against pathogen-related tumors already demonstrates great promise for reducing the burden of hepatocellular and cervical carcinoma (14, 15) . Whereas autoreactivity, as an unintended consequence of immunity to aberrantly expressed self-antigens in tumors, may ultimately limit cancer vaccination, the rules underlying the discrimination of tumor and self are still poorly understood. Carefully conducted vaccine trials in patients at high risk for cancer may shed light on this crucial issue. 
